The objective of this study was to evaluate changes in soybean secondary metabolism and soybean yield components when subjected to coexistence periods with volunteer corn and established horseweed (Conyza spp.) regrowth. Two field experiments were conducted in the agricultural years 2015/2016 and 2016/2017 at Passo Fundo University, Passo Fundo, Rio Grande do Sul, Brazil. Experiment I was conducted in the agricultural year 2015/2016 in order to establish periods of coexistence between soybean and corn. The treatments consisted of two soybean densities in the main plots (175,000 and 350,000 plants ha -1 ) and different periods of coexistence between soybean and corn in the subplots. Experiment II was conducted in the agricultural year of 2016/2017 in order to investigate the interference of regrowth horseweed during coexistence periods with soybean. The total phenols, flavonoids, saponins, soybean yield components and seed yields were evaluated. Volunteer corn that initiates growth after the V4 soybean stage and horseweed regrowth during cultivation do not adversely affect secondary metabolism, seed yield or soybean yield components.
Introduction
The competition between weeds and crops is a type of negative interference where the organisms involved compete for the environment resources, light, nutrients and water. The degree of severity depends on factors such as species, density and distribution of weeds, crop cultivars, spacing and density, as well the environmental conditions and the period in which weeds interfer (Radosevich et al., 2007) . The competition period is a determinant of the degree of interference, since weeds that emerge prior to or together with a crop have greater competitive potential than weeds that emerge later in the crop cycle. This is primarily due to the priority access to environmental resources (Piasecki, 2015; Tironi et al., 2014) . Although the late weed emergence in relation to the crop development is less competitive in terms of yield, the weeds may be still problematic in terms of crop and seed quality .
Morphological variables parameters, such as height, dry matter, and yield components, are normally used to determine the effects of plant competition (Piasecki, 2015; Tironi et al., 2014; Trezzi et al., 2015) . In a few studies plant competition is investigated in relationship to changes in a species secondary metabolism (Silva et al., 2014) . The secondary metabolism is directly related to plant's defense in response to environmental factors (Taiz & Zeiger, 2013) , which would include weed competition (Agostinetto et al., 2016; Broz et al., 2010; Gal et al., 2015; Silva et al., 2014 The object when subj spp.). ) and paraquat (400 g ai ha -1 ) were applied to the research area to control the existing weeds prior to planting. The soybean cultivar Pioneer 95R51, which has a growth cycle of 115 to 120 days, resistance to glyphosate and an indeterminate growth habit was used as the hybrid of Pioneer 32R22 YHR corn that shows resistance to the herbicide glyphosate (Pioneer, 2017) .
Materia

Plant M
By using corn as a weed, it was possible to define the density and the emergence season, as well as to facilitate the management of the other weeds during the soybean crop growth due to its resistance to glyphosate. Soybean sowing took place on October 28, 2015 at a spacing of 45 cm between rows. A commercial 4-24-18 (N, P, K) fertilizer, was applied at 350 kg ha -1 .
The experimental design was a randomized complete block design with four replications. The plots were 7 rows 45 cm apart of soybean (3.5 m) and 5 m long. The treatments consisted of two soybean densities in the main plots (175,000 and 350,000 plants ha -1 ) and different periods of coexistence between soybean and corn in the subplots. The coexistence periods were as follows: V0-R8 (V0 was corn sown on the same day as soybean; V2-R8 (V2 was second node, first fully-developed trifoliolate leaf on soybean at the time of sowing of corn); V4-R8 (V4 fourth node, third fully-developed trifoliolate leaf on soybean on occasion of corn sowing), and where R8 was physiological maturation of soybean. The control soybean plants were grown without competition.
The sowing of the corn was at a density of 2 plants m -2 between the lines of the crop, realized with the aid of a manual seeder. This density was chosen to create a significant level of competition with soybean (Piasecki, 2015) . During the experiment, phytosanitary management was carried out according to recommendations for the crop.
Experiment II was conducted in the agricultural year of 2016/2017 in order to investigate the interference of regrowth horseweed plants during coexistence periods with soybean. The experiment took place in a fallow area with the presence of large horseweed. On the first day of the experiment, horseweed plants were cut to height of 10 cm above the soil using a soybean harvester to stimulate their regrowth during the development of the crop.
Subsequently, treatment with glyphosate (720 g ae ha -1 ) was carried out to control other plant species. The soybean cultivar used was Pioneer 95R51, described above, which was sown on December 02, 2016 at a between-row spacing of 45 cm and a density of 350,000 plants ha -1 . A commercial 04-24-18 (N, P, K) fertilizer, was applied at 350 kg ha -1 . Plant emergence at a level of 50% occurred on December 09, 2016.
The experiment was conducted as a randomized complete block design with sub-divided plots and with four replications. The plots were 7 rows 45 cm apart of soybean (3.5 m) and 5 m long. The treatments consisted of management of the regrowth in the main plots (pluck-removed the horseweed plants) and (court-cut the regrowth horseweed plants). In the pluck, the crop remained free of the presence of weeds after the stage of regrowth withdrawal; and in the court, this was performed by leaving four leaves for competition for soil resources to continue after the management stage.
The subplots represented different periods of coexistence between horseweed and soybean plants. The coexistence periods were: V0-R2, V0-R3; V0-R4; V0-R5 and V0-R6, where V0 was the start of crop development and R2 was full bloom, R3 beginning of pod formation, R4 full pod, R5 beginning seed and R6 full or complete grain (Fehr & Caviness, 1977) . The control treatment was soybean grown without weeds. During the experiment, phytosanitary management was carried out according to recommendations for the crop.
Evaluations
For the evaluation of secondary metabolites (total phenols, flavonoids and saponins), three plants were collected per replicate of each treatment at the phenological stage R2 (full bloom) and R5 (beginning seed) in Experiment I, and at the end of each coexistence period in Experiment II. The samples were oven dried at 50 °C until reaching a constant weight. This temperature was chosen because there was no damage to the secondary metabolites. Subsequently, the samples were ground in a vegetable mill and stored in plastic bags in the dark until evaluation.
Total phenols and flavonoids were determined using the methodology of Josipovic et al. (2016) with modifications. Extraction was performed with 0.5 g of the ground plant material and 5 mL of methanol (containing 1% HCl) using ultrasound for 1 hour. The samples were then centrifuged for 5 minutes at 4 °C and 9000 rpm. The resulting solution was filtered through a 0.45-μm filter membrane and the volume made up to 5 mL. The extraction solution was kept in the dark during the procedures.
For analysis of total phenols, 0.2 mL of the extraction solution (reported above) was added to 0.1 mL of Folin-Ciocalteu reagent and 1.5 mL of distilled water. After 5 minutes, 0.4 mL of Na 2 CO 3 (14%) was added and the volume was made up to 10 mL. The solution was vortexed for a few seconds and then kept in the dark at room For the eva total numb from the p sample wa
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In Experiment I, it was possible to infer that the content of total phenols and flavonoids decreased when soybean was in competition with corn, but when the coexistence period started at the V2 soybean stage the content of these metabolites increased. In this experiment, the saponin content increased when soybean plants were in competition with corn, but when competition started at the V2 stage it decreased, but did not equal the control treatment which had no competition. These data show that the presence of weeds throughout the soybean growth cycle decreased the total phenol content, and as a consequence decreased flavonoids, which are phenols.
In Experiment II, with the pluck management of regrowth horseweed, the total phenol content was lower in the V0-R3 coexistence period, already the V0-R6 period, the presence of the horseweed increased total phenol content (Table 2) . A similar result was reported for the flavonoid content in the V0-R2 and V0-R6 periods, where the presence of the horseweed increased this secondary metabolite. In the V0-R4 period, the presence of the horseweed decreased the flavonoid content (Table 2) . With regard to saponin content, it increased when competition with horseweed occurred in V0-R3 and V0-R4, but when the competition extended from V0 to R6, the presence of weeds resulted in a 50% reduction in saponin content (Table 2) . Note. Significant differences were based on the t-test using a 5% level of significance.
With court management of regrowth horseweed plants, where competition continued through the root system, the content of total phenols was modified only in the V0-R3 coexistence period where the presence of weed decreased this metabolite (Table 3 ). The content of flavonoids increased during the V0-R2 and V0-R6 periods, and decreased during V0-R3 period (Table 3) . With regard to saponin content, there was no difference between the presence or absence of horseweed in the coexistence periods (Table 3 ).
There are several factors that influence the secondary metabolism of plants, such as high plant densities (Rivoal et al., 2011) , different relative proportions of weeds and the crop (Agostinetto et al., 2016) , cultivars and growth conditions (John et al., 2016) . In the soybean roots, the flavonoid content was reduced when in competition with Vol. 11, No. 10; weeds, which leads to a reduction in the number of root nodules, due to the flavonoids signaling to the symbiotic bacteria (Gal et al., 2015) . For the soybean crop, the competition stress is comparable to that induced by biotic and abiotic factors (Agostinetto et al., 2016) . Thus, it is possible that modifications in the secondary metabolites alter numerous plant characteristics, and, therefore, it is important to discover the possible causal agents in order to avoid them during crop production. Note. Significant differences were based on the t-test using a 5% level of significance.
The isoflavones are a group of flavonoids which, in soybean, are affected by the origin of the cultivars, in case seeds are affected by their weight and by environmental factors (Kim et al., 2012) . Daidzin, daidzein, genistein, genistine and glycytine are isoflavonoids found in different soybean cultivars (John et al., 2016; Kim et al., 2012) , and in different concentrations in plant organs, where the highest concentration is found in grains, followed by the leaves (Seo et al., 2017) . The isoflavones, genistein and daidzein, are the most abundant and have anti-cancer properties (Pereira & Cardozo, 2012) . Therefore, any factor leading to a decrease in these compounds is undesirable from a human health perspective.
In addition to isoflavones, soybean contains numerous saponins that are a type of terpene. These are a diverse group of secondary metabolites with a wide range of activities with an important role in human health. In soybean, soysaponins are the main representatives (Tantry & Khan, 2013) . In Chinese soybean cultivars, 13 saponin components were detected, including the new α and β groups, and groups A, DDMP and B (Takahassi et al., 2017) . The concentration of these compounds is influenced by the origin of the genotypes, environmental factors such as location and year of cultivation, environmental conditions such as light, temperature, humidity and soil fertility and, when evaluated in seeds, is influenced by seed weight (Kim et al., 2012) . With our results it was not possible to identify the types of compounds, since general tests were used, but the answer was possible to identify since in general there were changes in the secondary metabolism resulting from the competition.
The grain yield of soybean in Experiment I was not influenced by the planting density of the crop, but there was a significant difference between the coexistence periods with maize ( Figure 5 ). When corn, considered as the weed in the experiment, was sown on the same day as the crop and remained until the end of the cycle (V0-R8), there was a reduction in yield of 36%. Weeds that emerge before or at the same time as the crop have greater competitive potential in relation to the crop (Piasecki, 2015; Tironi et al., 2014) .
For example, the weeds of the species Galinsoga parviflora, Digitaria horizontalis, Brachiaria decumbens, Amaranthus retroflexus, Bidens pilosa, Euphorbia heterophylla and others, in competition with soybeans throughout the crop cycle, reduced the grain yield by 30% (Marangoni et al., 2013) . Soybean in competition with maize that emerged ten days earlier than or on the same day produced an average of 382% and 241% less than when maize emerged ten days after the crop (Piasecki, 2015) . Soybean cultivars, when competing with corn at densities of 10 and 30 plants m -2 and sowed on the same day as the crop, showed a mean reduction in yield of 80% (Schneider et al., 2014) .
Weeds that emerge before the crop have prior access to environmental resources and thus have morphological characteristics that increase their competitive potential in relation to the crop. When barley was in competition with ryegrass, the number of barley stems was 96.87 when weeds emerged 14 days after barley emerged, but when weeds emerged 14 days earlier, there were 18.47 barley stems (Tironi et al., 2014) .
Corn plants at density of 16 plants m -2 , that emerged before or together with soybeans, presented a leaf area of 11.34 cm 2 ; when they emerged after soybean, the same density of plants presented a leaf area of 2.21 cm 2 due to competition imposed by soybean, indicating that plants which emerge after crop have low competitive potential compared to those emerging before or along with the crop (Marquardt et al., 2012) . Longer intervals between desiccation and sowing of soybeans provide priority conditions for weed growth and, thus, weeds have a competitive advantage over the crop and have the greatest negative impact on yield (Rizzardi et al., 2003) .
Weeds that emerge after crop are less competitive in terms of yield (Saraiva et al., 2013; Swanton et al., 2015; Tironi et al., 2014) , since crop acts as a cultural control over species which diminishes the growth potential and competition of these, against crops. When sowing of corn occurred at the soybean V2 stage, the reduction in grain yield was 22%, already in V4 the reduction was 4%, not statistically different from the control without competition ( Figure 5 ). The results demonstrate that the greatest reduction in soybean yield when competing with weeds occurs when competition starts at the beginning of crop development and at stage V2. ) and coexistence periods with corn in Experiment I Note.
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Soybean plants in the V4 stage possess a larger leaf area with subsequent greater shading of the soil, which suppresses the development of weeds in the vegetative canopy, and thus causes less interference with the crop. When Brachiaria brizantha, 'BRS Piata' and B. ruziziensis plants were sown 24 days after soybean emergence, the highest competitive effect of soybean cultivar M-8766 RR was observed on the weed, where the reduction in (Saraiva et al., 2013) , so it is justified that by the greater development of the crop at 24 days than at 12 days.
In addition, the plant density of the crop significantly affects the speed of interlining (Balbinot Junior et al., 2016) , which is directly related to the cultural suppression of weeds. In this study, the density of the crop did not significantly affect the yield. This happened because the soybean crop presents high plasticity, with the potential to compensate for the smaller number of plants with a greater number of pods and grains (Table 4) .
The competition between crops and weed compromises the development of reproductive structures and, among them, the number of pods is the most responsive to changes caused by the stress of competition (Lamego et al., 2004; Trezzi et al., 2015) . In this study, it was observed that the presence of corn reduced the number of pods and, consequently, the number of grains from soybean plants with all periods of competition, where the lowest soybean density showed the greatest reduction (Table 4) . Competition throughout the soybean crop cycle reduced the number of pods by 40% and 24% at the densities of 175 and 350 th pl ha -1 , respectively. This corroborates the reduction of 36% reported by Lamego et al. (2004) when soybean was in competition for the whole cycle.
The results obtained can be associated to studies where different levels of infestation and weed origin were tested with different times of emergence, which affirms that competition reduces components of yield. The number of pods per plant was reduced in areas with weed infestation at low, medium and high levels (Silva et al., 2008) . Soybean in competition with maize, originating from volunteer plants and clumps, showed an average number of pods of 10, 9.5 and 18.5, and number of grains of 22, 21 and 38 per plant when the corn emerged ten days earlier, the same day and ten days after the emergence of soybean, respectively (Piasecki, 2015) .
These findings confirm the results obtained in the present study where competition with weeds resulted in the greatest reductions in the number of pods and grains in the competition started in the emergence of the crop, and that the competition initiated at the V4 stage presented the smallest reductions, since there was suppression by the crop of the weed species. Of the densities, 175,000 plants ha -1 was statistically higher than 350,000 plants ha -1 , with almost double the number of pods and grains in the control without competition (Table 4 ). This corroborates Balbinot Junior et al. (2016) in that, with a lower soybean density, there were four times more pods than with a higher density. This increase is related to the higher number of branches on the plants at low densities, which is directly related to the greater potential of nodes on the branches and, consequently, a greater number of pods (Mauad et al., 2010) . Note. th pl ha -1
: thousand plants ha -1 . Means followed by the same lower-case letter in the column and upper-case letter in the row do not differ by Tukey's test (p ≤ 0.05); CV: coefficient of variation.
The thousand seed weight did not show a significant difference between the densities and the evaluated periods ( Figure 6 ). The results of this experiment indicate that the emergence of corn at more advanced stages of soybean causes little interference on the crop compared when corn emerges along with the crop. In addition, the density of 175 th pl ha -1 makes soybean crops more susceptible to competition from weeds. Vol. 11, No. 10; were managed before sowing of the crop, the resumption of growth during soybean cultivation was not sufficient to significantly interfere with crop yield. Currently, the conditions of bad management of weeds, that is, the lack of control of the species during the winter preceding the soybean crop, maintains the presence of these plants with great development in the harvest of the winter cereals. This cut made by the harvester, stimulates a later regrowth during the summer crop. This situation has become very common in the northern region of Rio Grande do Sul, which prompts the study of the influence of this regrowth at more advanced stages, that is, in the reproductive phase of the soybean crop. It is likely that weed regrowth during soybean cultivation may have a greater negative effect since the plants already have an established root system, which gives them greater competition potential after the resumption of growth. Under the conditions of this experiment, it was possible to observe that the horseweed regrowth during the soybean crop did not reduce the seed yield.
The management carried out on horseweed at different stages did not modify the competitive potential of the weed against the crop, even though the root and some leaves were maintained so that the competition continued until the end of the cycle. This competition was shown not to be enough to interfere with crop grain yield. Also, it was not possible to observe a change in the yield from the soybean stage where the management was performed compared to the control, and when there was competition for the entire growth cycle.
The components of total pods, total grains and weight of a thousand grains did not present significant differences between the management and the coexistence periods of the soybean with the horseweed ( Note. OTG in grams; ns : not significant; CV: coefficient of variation.
Conclusion
Corn that develops after soybean V4 stage and regrowth horseweed during cultivation do not adversely affect secondary metabolism, grain yield or soybean yield components.
